Context. Magnetic reconnection and particle acceleration due to the kink instability in twisted coronal loops can be a viable scenario for confined solar flares. Detailed investigation of this phenomenon requires reliable methods for observational detection of magnetic twist in solar flares, which may not be possible solely through extreme UV and soft X-ray thermal emission. The gradient of microwave polarisation across flaring loops can serve as one of the detection criteria. Aims. The aim of this study is to investigate the effect of magnetic twist in flaring coronal loops on the polarisation of gyro-synchrotron microwave emission, and determine whether microwave emission polarisation could provide a means for observational detection. Methods. We use time-dependent magnetohydrodynamic and test-particle models, developed using LARE3D and GCA codes to investigate twisted coronal loops relaxing following the kink-instability, and calculate synthetic microwave emission maps (I and V Stokes components) using GX simulator. Results. It is found that flaring twisted coronal loops would yield some characteristic observational patterns, such as a gradient of Stokes V parameter across the loop. However, these patterns may be visible only for a relatively short period of time due to fast magnetic reconfiguration after the instability. We find that normally they will be visible for only a minute after onset of magnetic reconnection (or after the beginning of the impulsive phase). The visibility will also depend on the orientation and position of the loop on solar disk. Typically, it would be difficult to see the characteristic polarisation pattern if the twisted loop is seen from the top (close to the centre of the solar disk), but easier if the twisted loop is seen from the side (i.e. observed very close to the limb).
Introduction
Reconnecting twisted coronal loops are a good alternative to the standard model (e.g. Shibata et al., 1995) for explaining some types of solar flares, particularly, for interpreting smaller flares observed in isolated coronal loops (Aschwanden et al., 2009) , and erupting flaring coronal loops (e.g. Fan, 2010; Karlicky & Kliem, 2010) , including "failed eruptions" (Alexander et al., 2006; Kuridze et al., 2013) . One of the key benefits of the energy release scenario involving reconnecting twisted loops is energy release and particle acceleration which are distributed within the flaring loop volume (see also discussion in Gordovskyy & Browning, 2012; Gordovskyy et al., 2014) . There are several theoretical models of magnetic reconnection and energy release in twisted coronal loops. Kink instability is considered to be the most likely effect causing fast magnetic reconnection and relaxation in twisted loops (e.g. Torok & Kliem, 2005) , although other mechanisms, such as continued photospheric twisting or external impact on marginally stable loops, are also viable (e.g. Bareford et al., 2013) .
There are numerous observations of twisted loops in solar flares, usually as an element of a major flare (e.g. e-mail: mykola.gordovskyy@manchester.ac.uk Srivastava et al., 2010) . Twisted threads in flaring loops and strong azimuthal magnetic field around loop foot-points are considered to be indicators of magnetic twist. However, a detailed study of this phenomenon requires analysis of twisted loops in solar flares of different sizes and with different configurations, including flares occuring in complex active regions, smaller flares etc. This, in turn, require a reliable methods for observational detections of flaring twisted coronal loops. Recently, a series of studies dedicated specifically to possible observational evidence of magnetic twist in reconnecting coronal loops has been published. These studies are based on realistic simulations of magnetic reconnection and energy release in kink-unstable twisted loops in a stratified corona and use MHD and test-particle approaches to represent the thermal and nonthermal components of plasma, respectively Gordovskyy et al., 2014; Bareford et al., 2016) . Particularly, these studies address thermal soft X-ray (SXR) and extreme ultra-violet (EUV) continuum emissions, non-thermal hard X-ray emission, and shapes and positions of EUV coronal lines. Firstly, it is shown that some twist should be seen in SXR and EUV thermal emission, although it will be substantially lower than the critical twist, leading to the kink instability (Pinto et al., 2016). Secondly, it is shown that the sizes of HXR sources produced by energetic electrons in the reconnecting twisted loop should increase with time Gordovskyy et al., 2014) . This effect is consistent with RHESSI observations (Kontar et al., 2011; Jeffrey & Kontar, 2013) . Finally, it is shown that turbulent broadening and Doppler shifts of EUV spectral lines produced by reconnecting twisted loops correlate with plasma temperature . The non-thermal broadening of spectral lines following from these models is consistent with observations (Doschek et al., 2007 (Doschek et al., , 2008 ; however, this phenomenon is likely to be observed in other magnetic configurations and cannot be used for observational detection of twisted loops. The gradual increase of the HXR foot-points is more specific and, in principle, can be used for observational detection, alongside other effects, provided the foot-points can be resolved, which can be done for large loops with cross-sections of at least few Mm. Expectedly, a twist visible in thermal EUV emission seems to be the most reliable detection feature. However, it would not be necessarily present in all twisted loops: for this effect, a loop has to contain threads with different emissivity (for instance, due to different temperature or plasma density) which is not always the case. Therefore, additional criteria are necessary for reliable observational detection of these magnetic field configurations. Microwave emission is one of the key instruments for solar flare diagnostics. GSMW emission from flares and other active coronal features was extensively studies in the last two decades through forward modelling (e.g. Kucera et al., 1993; Nindos et al., 2000; Reznikova et al., 2015) . Simultaneous fitting of microwave and hard X-ray observations with synthetic spectra appears to be efficient in deriving parameters of non-thermal component of solar flares (for instance Tzatzakis et al., 2008; Gimenez de Castro et al., 2009 ). Gyro-synchrotron microwave (GSMW) radiation produced by electrons in magnetic field is very sensitive to Fig. 3 . Energy distributions of particles (left panel) and pitch-angle cosine distribution of particles with energies above 10 keV (right panel) in Model B. Solid line with squares corresponds to t=2 s (just after the onset of reconnection), dashed line with triangles corresponds to t=30 s (the moment of highest plasma temperature), and dot-dashed line with stars corresponds to t=58 s (towards the end of reconnection). There is no pitch-angle distribution for t= , because there are not enough particles with energies above 10 keV. Particles numbers are in arbitrary units.
the field direction (e.g. Petrosian, 1981; Gary et al., 2013) . Its circular polarisation (Stokes V component) depends on sign of the line-of-sight magnetic field component. Thus, it is known that opposite foot-points of a flaring loop demonstrate opposite GSMW circular polarisations (e.g. Hanaoka, 2005; Iwai & Shibasaki, 2013) . Similarly, high-energy electrons in a twisted magnetic loop with strong azimuthal field will produce intence microwave emission in the directions perpendicular to the loop and, most importantly, the sign of circular polarisation (or the sign of V Stokes component) will change across the loop, forming cross-loop polarisation gradient (CLPG) patterns (Figure 1 ). Therefore, using GSMW polarisation is a natural candidate for a diagnostic of the magnetic field direction and, in particular, for magnetic twist detection.
Recently, Sharykin & Kuznetsov (2016) considered polarisation of stationary and evolving twisted ropes and showed that the CLPG patterns should be clearly visible in most cases. However, a possible difficulty with using this effect for the observational detection of twisted loops might be its life time. Indeed, intense GSMW in flares is generated by high-energy non-thermal electrons and thermal electrons of very hot plasmas. Both appear after the reconnection begins. At the same time, once the magnetic reconnection begins, the twisted loops quickly lose their regular, rope-like shape. Furthermore, in some cases the polarisation degree (the V/I ratio) or the overall intensity of microwave emission may be too low to be observed with available instruments. However, this will depend on a number of factors, such as the life-time of the event (affecting the integration time), complexity of the flaring active region and others.
Therefore, important questions here are (a) how long the CLPG patterns can be observed in flaring twisted loops with typical coronal parameters, and (b) how intense is the microwave emission from these twisted loops and how strong is the polarisation in CLPG pattern. In this paper we investigate microwave emission and its polarisation produced by thermal and non-thermal plasma in evolving reconnecting twisted coronal loop. We calculate GSMW emission from reconnecting twisted coronal loop using our ear- lier models (e.g. Bareford et al., 2016) . We use the time-dependent magnetic field and plasma temperature and density from our MHD simulations, along with the energetic electron parameters derived from our test-particle models to calculate microwave emission (I and V Stokes profiles) using the GX simulator developed by Nita et al. (2015) . The MHD and test-particle models are described in Section 2, and the synthetic microwave maps are discussed in Section 3.
Model description

MHD model of reconnecting twisted loop
The evolution of magnetic field and thermal plasma in reconnecting twisted loops in a stratified atmosphere follow-ing kink instability has been described by Gordovskyy et al. (2014) , Bareford et al. (2016) , Pinto et al. (2016) and Gordovskyy et al. (2016) . They considered several models with different magnetic field strengths, fluxtube convergence, sizes, and coronal plasma densities. The loop convergence here is defined by the convergence factor, the ratio of foot-point to loop-top magnetic field strength. Since the initial coronal temperature was low, 0.8 MK, as well as the initial coronal density, 10 9 -10 10 cm −3 , the plasma β was substantially lower than 1 and the loop evolution was determined mostly by the field configuration. In the present study, we use larger loops, with the length of about 80 Mm and cross-section radius (near foot-points) of about 4 Mm. We do not consider smaller loops (with the length of ∼20 Mm and radius ∼1 Mm) because their widths are less likely to be resolved by existing instruments.
The twisted loops in our models are formed in an initially potential, arcade-like, magnetic field by applying localised rotation at the photospheric boundary (Gordovskyy et al., 2014; Bareford et al., 2016) . Due to the properties of the initial potential field, the loops with high magnetic field convergence (foot-point field to loop-top field ratio 10) have relatively higher loop-tops compared to loops with lower field convergence (convergence factor 2) (magnetic field plots are available in Figure 2 ). Another important difference is that the angle between the magnetic field near footpoints and the boundary (representing the photosphere) depends on the convergence: it is nearly a rightangle for strongly-converging loops, but only about 45 degrees for weakly-converging loops. These differences in the initial field configurations, may perhaps make a substantial contribution to the loop evolution.
Numerical experiments show that strong stratification at chromospheric level may have destabilising effect on twisted loops. This possibly happens because of numerous low-amplitude shocks generated in near foot-points and propagating along the loop into the corona. After the kink, the stratified atmosphere does not seem to affect overall evolution of the reconnecting twisted loop. At the same time, moderate energy release in the transition region and the chromosphere results in some plasma evaporation during the early stages of magnetic reconnection.
During the twisting phase, the loops experience some cross-section increase as well as upward expansion. However, these effects are suppressed by the ambient field, which is also line-tied to the lower and side boundaries. Twisting results in distribited currents within twisted loops and strong "neutralising" currents on their surfaces (as the ambient magnetic field remains potential). The kink instability occurs when the field line twist angle is 4-8π, depending on the configuration (see Bareford et al., 2016 , for more detail). (Three different stages of magnetic field evolution for two models are shown in Figure 2 . The main difference between strongly and weakly converging loops during the instability is that in strongly converging loops the most unstable modes seem to be ones with wavenumbers 2 π L and 4 π L , where L is the loop length, while for the weekly converging loops the most unstable modes with wavenumbers between 8 π L and 16 π L . What happens after the kink instability has been schematically descibed by Gordovskyy et al. (2014) (see also Figure 6 in that paper). Sudden, localised increase of the current density, as well as the switching-on of the current-driven anomalous resistivity, result in fast magnetic reconnection and magnetic energy release. The reconnection within the loop results in the reduction of twist, while the reconnection between the twisted loop magnetic field and non-twisted, ambient field results in gradual increase of the loop cross-section. Gradually, the loop loses its rope-like structure and becomes more chaotic. During this time, the current density distribution loses its regular shape becoming very fragmented, rather uniform distribution of small current islands. After this, the loop demonstrates some contraction.
As any other non-ideal MHD model, our simulations adopt a certain value of electric resistivity. It is non-uniform and depends on the local current density, temperature and plasma density in a way, that represents anomalous resistivity due to ion-acoustic turbulence (Gordovskyy et al., 2014 , and references therein). Additionally, shock viscosity and numerical dissipation contribute to the non-ideal evolution of magnetic field in our model (see discussions in Torok & Kliem, 2003; Bareford et al., 2016 ). The energy release times, which are sensitive to the resistivity value, in our models are typically about 50-100 s, which is comparable to the duration of the impulsive phase in smaller flares (few minutes). Hence, overall, the resistivity in our models has an adequate value.
Based on the time-dependent magnetic and electric fields and plasma densities obtained from MHD simulations, particle trajectories are calculated using the GCA test-particle code (Gordovskyy & Browning, 2012; Gordovskyy et al., 2014) . In the test-particle simulations, trajectories are calculated in the relativistic guiding-centre approximation, taking into account Coloumb scattering on thermal plasma particles. In the present study, we are interested in both the thermal and non-thermal populations of electrons.
Spatial distributions and energy spectra of accelerated electrons are calculated using the test-particle simulations for 10 5 -10 6 electrons. The initial particle population has uniform spatial distribution and isotropic Maxwellian velocity distribution with uniform temperature 0.8 MK. This value is somewhat lower than in the quiet corona, however, it has very little effect on the loop evolution and temperatures of the heated plasma. The electric and magnetic fields, as well as the background (thermal) plasma density, are taken from the MHD simulations; these values and their derivatives are calcuted for any particle position using the four-linear interpolation [x, y, z, t] within the numerical grid. Particles in the flaring loop move predominantly along the field between the two loop footpoints. Most particles accelerated to the energies below ∼100 keV thermalise due to Coloumb collisions even before reaching the lower boundary. However, if a particles reaches one of the boundaries, it is allowed to leave the domain; another particle is injected into the domain at the same location, with velocity and pitch-angle taken randomly from the isotropic Maxwellian distribution. (This is known as a "thermal bath" boundary condition.)
Due to the magnetic field convergence near foot-points, some particles with low pitch-angles bounce between the opposite foot-points. Some of the electrons experience nonzero electric field in the current sheets associated with magnetic reconnection and get accelerated or decelerated. The typical time of thermal electron passage through the whole domain (or along the whole loop) is 1-10 s, or about one order-of-magnitude shorter than the energy release time; for accelerated electrons, this time is only about 0.1-1 s.
Only a small fraction of electrons become non-thermal, about 2-4% of the total particle number during the early stages of magnetic reconnection, then steadily decreasing with time. The total particle acceleration efficiency, i.e. the total energy carried by non-thermal particles as a fraction of the energy released, is about 5-10%. The energy spectra of accelerated particles are hard: the electron energy distribution is nearly a power-law between 10-100 keV with the spectral index of ∼1.8-2.2 at the onset of energy release and 3.0-3.5 towards the end of reconnection. The accelerated particles are collimated along the magnetic field, i.e. have pitch-angle cosines distributed around to ±1 . The pitch-angle distributions are narrower for higher energies. This is, obviously, a consequence of the parallel electric field acceleration: this strongly increases the value of the parallel velocity, while the parpendicular velocities remain nearly thermal. However, the presence of collisions, and magnetic mirroring (and, hence, a loss cone) in the lower atmosphere makes the distribution more isotropic (Gordovskyy et al., 2014) . Because the accelerated electrons move very quickly along the loop, it is difficult to see any spatial structure in particle distribution along the loop (see Figure 11 in Pinto et al., 2016) , apart from some increase in non-thermal electron density close to foot-points because of the lower v || velocities due to the magnetic mirroring. Also, there seem to be a higher number of energetic electrons close to the loop top. Finally, energetic electrons seem to prefer the "inner half" of the loop, i.e. slightly below its "skeleton line" (see Figure 1 ). This is, most likely, due to the specific current distribution in the loops with large scale curvature: currents are higher in the lower half of the loop (Gordovskyy et al., 2014; Bareford et al., 2016) .
Calculation of synthetic microwave emission
Gyrosynchrotron microwave (GSMW) emission from our model twisted loops are calculated using the GX simulator , which is based on the fast aproximate calculation schemes developed by . The code can produce GSMW spectra and circular polarisation in the frequency range 1-95 GHz using the magnetic field and thermal plasma and non-thermal particle parameters. The magnetic field in each case is taken directly from MHD simulations. Plasma temperature and density outside the flaring loop are assumed to be constant with time. Their vertical distribution correspond to the initial conditions (undisturbed atmosphere) used in MHD simulations, the temperature in the chromosphere and the corona are about 33000 K and 4 MK, respectively, the desnity at the lower boundary (chromosphere) is ∼ 9 × 10 −8 kg m −3 (5.6 × 10 13 cm −3 ), and at 40 Mm (approximate loop top height) it is about ∼ 2 × 10 −12 kg m −3
(about 1.3 × 10 9 cm −3 ). The low-temperature ambient plasma does not noticeably affect the emission maps, since plasma with temperatures below 1 MK does not emit or absorb microwave radiation at frequencies of interest.
The flaring loop is formed by magnetic field lines originating from a circular foot-point, with the position and radius (R f p , see Table 1 ) taken in each case from MHD simulations. The temperature and density of plasma in the flaring loop are assumed to be nearly constant (they change to the ambient values in a thin layer close to the loop surface), their values (Table 1 ) approximately correspond to those in MHD simulations. The non-thermal electron population is nearly uniform within the loop (its density quickly drops to zero at the loop surface) and has spatially uniform energy and pitch-angle distribution. Their energy spectrum is a single power-law, while the pitchangle distribution corresponds to one of the three cases (see Figure 10 ). The non-thermal electron parameters are approximated from the test-particle simulations, assumed to be as given in the Table 1 for three different models. The model A has strongly converging field (convergence factor 10, and, hence, loop-top to foot-point cross-section ratio of about 3.2), while models B and C have weakly converging loops (convergence factor 2 and loop-top to foot-point cross-section ratio of 1.4). The average (along the loop) magnetic field in model A is similar to that in model C.
We consider three different instants in time for each model: one just after the kink-instability (i.e. just after the magnetic reconnection, energy release and particle acceleration begin, t=2 s), another corresponding to the middle of the relaxation process (approximately, during the temperature peak, t=30 s), and, finally, one corresponding to the decay of energy release (t=58 s). The whole relaxation phase (about 60 s long in our models) represents the impulsive phase in solar flares. Because of the uncertainty with pitch-angle distribution, most of the maps Figures 5-9) are calculated for isotropic distributions, and later compared with collimated and pancake-like distributions (Figure 11 ).
Results and discussion
Volume integrated GSMW spectra for one of the models (A) are shown in Figure 4 . The total intensities are quite higha and would correspond to a major flare; this is due to considerably hard electron energy spectra. Furthermore, because of the hard electron spectra, the maxima in GSMW spectra appear at relatively high frequencies; thus, during the fast energy release the maximum drifts from about 15-20 GHz to 8-10 GHz.
The synthetic microwave emission and polarisation maps from twisted loops containing high-energy electrons are shown in Figures 5-8 and Figures A.1-A.5 in Appendix. First, we discuss the frequency variation of the microwave intensity and polarisation in our simulations. The emission is optically thick at lower frequencies (below 2-20 GHz, depending on the non-thermal electron spectral index and magnetic field value), and optically thin at higher frequencies. Typically, the intensities increase from few sfu at 4 GHz to ∼10 3 above 64 GHz just after reconnection begins, while the polarization V /I increases from 25-50% at lower frequencies to 10-20% at higher frequencies. It needs to be noted, that some of our intensities are quite high, corresponding to major flares. This is likely to be due to hard electron spectra resulting from our test-particle simulations. Indeed, a particle population with the spectral index of 3 and the lower energy cut-off 10 keV would have approximately 100 times less energetic electrons at 1 MeV, compared to the current electron ppopulation with the spectral index of ∼ 2. In reality, we would expect the absolute intensities of microwave emission from smaller flares in confined loops to be substantially weaker.
The hardness of the particle spectra affects not only total microwave intensities, but also the shapes of the spectra. Most importantly, it shifts the spectral peaks, effectively dividing optically-thck and thin spectral ranges to- Fig. 5 . Microwave emission maps from the loop in model B soon after the kink instability and start of the magnetic energy release and particle acceleration (t=2 s). First and second columns correspond to Stokes I and V intensities, respectively, when the loop is seen from the top (X-Y plain). Third and fourth columns are Stokes I and V intensities, respecively, for the loop seen from its side (Z-Y plain). Different rows correspond to different frequencies, from 4 GHz to 95 GHz (maximum frequency, produced by GX simulator). Intensities are given in sfu per pixel units, lengths are given in Mm. Gordovskyy et al.: Microwave emission from twisted loops Fig. 6 . The same as in Figure 5 , but for the moment of peak temperature (t=30 s). Fig. 7 . The same as in Figure 5 , but for the moment of reconnection decay (t=58 s). Table 1 . Parameters of thermal and non-thermal plasma taken from MHD and test-particle simulations of the reconnecting twisted loops. Here, n b and γ are the non-thermal electron density and power-law index of their energy spectrum. The lower and upper energy cut-offs are 10 keV and 1 MeV, respectively. Parameters n loop and T loop are the thermal plasma density and temperature within the flaring loop, respectively, and R f p is the cross-section of the flaring loop near foot-points. Fig. 8 . Microwave emission maps from the loop in model A soon after the kink instability and start of the magnetic energy release and particle acceleration (t=2 s). First and second columns correspond to Stokes I and V intensities, respectively, when the loop is seen from the top (X-Y plain). Third and fourth columns are Stokes I and V intensities, respecively, for the loop seen from its side (Z-Y plain). Different rows correspond to different frequencies, from 16 GHz to 64 GHz. Intensities are given in sfu units.
wards higher frequencies. At the same time, it should be noted, that our spectra are not unnatural, there are plenty of flares with the spectral index of 2-3 (e.g. Kawate et al., 2012) , i.e. comparable to the simulated particle models in Sect.2.
The intensities decrease with time, as the energetic electron numbers decrease. However, because of softening electron energy spectra, the GSMW spectra also change, and the intensity decreases faster at higher frequencies. Thus, in model A, the intensity at 32 GHz decreases from about 1900 sfu at the beginning of relaxation, to about 90 sfu around the middle of the relaxation and then drops to 0.2 sfu towards the end of energy release. At the same, the intensities at 16 GHz drop from about 500 GHz to 120 GHz during the first half of the relaxation, and then also drop to <1 sfu towards the end of the energy release. The polarisation degrees remain nearly the same during evolution of these loops.
The most interesting question, of course, is the spatial distribution of GSMW polarisation. It is sensitive to the frequency, mostly because the loops are optically thick at lower frequencies, but thin at high frequencies. In the weakly-converging loops (Models B and C), the CLPG patterns can be clearly seen at higher frequencies, above 30 GHz in model B and above 60 GHz in model C (the difference is due to higher magnetic field in model C). Thus, they are visible near the looptops when loops are observed from the top, and along whole loops, when loops are observed from the side. At lower frequencies it is more complicated. When these loops are observed from the top, only emission coming from the edges of microwave sources is optically thin and polarised according to the sign of LOS magnetic field. However, the emission produced at lower frequencies within the source is optically thick and is polarised oppositely to the optically thin emission, due to the self-absorption. It is practically impossible to see the CLPG pattern at lower frequencies in loops observed from the top. Loops observed from the side at low frequencies show a polarisation gradient, however, it more more complicated, with several sign reversals.
The cross-sections of the considered loops are about 8-12 Mm near loop tops. Therefore, in order to detect CLPG patterns in such loops, the angular resolution needs to be about 10 arcsec ol better. Now, let us consider the effect of loop geometry. It appears that CLPG patterns would be more difficult to see in strongly converging loops. This is because their high magnetic field variation from loop-tops to foot-points means that most of GSMW emission comes from foot-points, which are by more than one order-of-magnitude brighter than the loop-tops at higher frequencies. Thus, in model A (Figure 8 , see also in Appendix) the intensity drops from about 2.4×10 3 sfu near the footpoints to about 200 sfu around loop-top at 64 GHz, and from about 1000 sfu to 120 sfu at 32 GHz. As the result, at higher frequencies GSMW emission from a strongly converging loop observed from the top looks like two foot-point sources, similar to the HXR emission. The two foot-points have opposite circular polarisation, as expected, with no visible structure. At lower frequencies, however, the emission is more extended, and CLPG pattern can be seen from the top, although the intensity near the polarisation reversal is low. When a strongly converging loop is seen from the side, the CLPG pattern can be seen on a wider frequency range. Thus, in model A, CLPG can be seen along the whole loop at 16 GHz (although, the polarisation structure is complicated near the optically thick foot-points), as well as at 32 and 64 GHz, although at higher frequencies that intensity of the loop top is very low.
It can be seen that in all considered cases, these CLPG patterns are best visible just after the onset of magnetic reconnection (see Figure 5, 8 and A.1) . In weakly-converging loops B and C observed from the top, the polarisation reversal line is nearly perpendicular to the loops towards the middle of the energy release (when the temperature peaks). This, obviously, is a result of twist reduction. However, the CLPG patterns still can be seen when the loops are observed from the side, although they are fading and the patterns become more complicated due to the optical thickness effects and because the loops lose their rope-like structure. Hence, in the weakly-converging loops, the CLPG structure can be observed for about half of the impulsive phase (around 30 s in our simulations) and for up to 60 s in loops observed from the side. Strongly-converging loops lose their rope-like structure faster and their field quickly becomes more chaotic. As the result, during the later stages of energy release in loop A ) the CLPG pattern cannot be seen. Therefore, in strongly-converging loops the CLPG pattern can be observed for less than a half of impulsive phase, or about 10-20 s in our simulations.
Of course, the lifetime of the CLPG patterns strongly depends on the time-scale of the loop evolution. Generally, it might be possible to have twisted loops which are not evolving, for instance, when a twisted loop is a part of a complex Active Region, where magnetic reconnection, energy release and particle acceleration occur outside that loop. In this case, if energetic particles manage to get into the loop, the twist would result in the CLPG polarisation pattern; however, because the loop is not evolving and the twist does not dissapear, the lifetime of the CLPG pattern would not be limited. Another possible scenario is when the microwaves are produced by hot thermal plasma in nonevolving or very slowly-evolving loop (for instance, due to slow current dissipation or localised magnetic reconnection near a foot-point without twist reduction). There are several observations of microwave emission produced by thermal electrons in hot flaring plasma (e.g. Gary & Hurford, 1989; . In this case, again, the lifetime of the CLPG pattern could be much longer. Indeed, thermal GSMW radiation produced by plasma with temperatures of 10-20 MK clearly demonstrates the CLPG patterns ( Figure 9 ). The polarisation degrees can be substantially higher that in non-thermal GSMW in our models: V /I increases from 10% at 95 GHz to 80% at 4 GHz. However, the intensities are very low, from about 0.02 at 4 GHz down to 0.003 sfu at 90 GHz.
Finally, the pitch-angle distribution of energetic electrons is a very important issue (see e.g. Ramaty, 1969; Fleishman & Melnikov, 2003; Simoes & Costa, 2010; Kuznetsov et al., 2011) . Therefore, we calculated emission and polarisation maps for different types of pitchangle distributions (Figure 10 = 0.5, and compare them with those produced by isotropic distribution. Corresponding polarisation maps are compared in Figure 11 . It can be seen that the loss-cone distributions produce polarization patterns similar to those produced by isotropic distribution (described above), both qualitatively and quantitatively. The emission is optically thick at lower frequencies (below ∼40 GHz) and optically thin at higher frequencies. The CLPG pattern is seen at different frequencies, although it is opposite when the emission is optically thick. In contrast, the collimated distribution appears to produce optically thin emission, however, both intensity and polarisation maps are much noisier. The CLPG gradient can be seen at lower frequencies in the loops observed from the side, but completely sinks in the noise at higher frequencies and when the loops are observed from the top. This effect is not unexpected: indeed, electrons with pitch-angles ≈ ±1 produce very little GSMW emission; however the pitch-angles may become high in regions with high magnetic field curvature, producing localised emissivity spikes and, hence, producing very noisy emission maps.
Summary
Our results show that, indeed, twisted coronal loops can produce characteristic microwave polarisation (CLPG) patterns -a noticeable Stokes V component gradient across the loop, confirming earlier studies by Sharykin & Kuznetsov (2016) . However, this pattern would be visible only in some cases, depending on the magnetic field, thermal and nonthermal plasma parameters, loop orientation and magnetic field geometry.
The CLPG pattern is more clear in loops seen from the side (e.g. when observed very close to the limb). Thus, in weakly converging twisted loops (models B and C just after the instability) observed from side the pattern can be seen along the whole body of the loop, at least at higher frequencies (>30-60 GHz, depending on the magnetic field strength) where GSMW emission is optically thin. When these loops are observed from the top, the pattern can be seen, but it would require higher spatial resolution to be detected compared to the observation from loop's side. In strongly converging loops (model A), the CLPG pattern can be seen when the loop is observed from the side. When the loop is observed from the top, it can be seen only at lower frequencies(below 15-20 GHz), because at higher frequencies the loop-top emission is very weak.
The pitch-angle distribution of energetic particles strongly affects the visibility of CLPG pattern. Thus, it is clearly seen in microwave produced by an isotropic or losscone (pancake-like) electron distributions. However, the polarisation maps are very noisy, when produced by electrons collimated along magnetic field. Still, the CLPG pattern can be seen, at least at lower frequencies (below 15-20 GHz).
The CLPG pattern in microwaves produced by flaring loops is a transient phenomenon, its lifetime is shorter than the length of the impulsive phase. Thus, in weaklyconverging loops its duration is about half of the impulsive phase duration (about 30 s in our simulations). Interestingly, the pattern can be seen for a longer time in loops observed from the side. In the strongly-converging loops, the lifetime of the CLPG patterns is even shorter, about 1/4-1/3 of the impulsive phase. In our models, these patterns disappear within 10-20 s.
In principle, the CLPG patterns can live much longer if produced by (relatively) non-evolving loops. This could be the case when either energetic particles or hot plasma are injected into a twisted loop from outside, for instance due to magnetic reconnection near the foot-points (without loss of twist). Thermal GSMW appears to produce very clear CLPG patterns, although the microwave intensity is very low, about 10 −2 sfu, compared to about 10 2 sfu, produced by non-thermal electrons.
We conclude that CLPG patterns can be seen with spatial resolution of about 10 arcsec or better (depending on the loop size) and, hence, can be detected using instruments such as Nobeyama radioheliograph (at 17 GHz, where polarimetry is possible) and future solar SKA. Figure 8 , but for the moment of reconnection decay (t=58 s). Note, that intensities here are given in 10 −3 sfu units.
